presented in [21, 22] . In [23] , a compact antenna with a wide square slot in the center, a rectangular feeding strip and two pairs of planar inverted L strips connecting with the slotted ground for WLAN / WiMAX applications.
In [24] , a triple band monopole antenna for WLAN/WiMAX applications is obtained; the radiator of the antenna is designed on a 40(W) × 40(L) mm 2 substrate and the radiator is composed of three elements, two branches and a short stub. In [25] , a dual-wideband symmetrical G-shaped slotted monopole antenna is designed for WLAN / WiMAX applications. In [26] , a dual wideband coplanar waveguide-fed notched antenna with two asymmetrical ground planes for multi-band wireless application has been reported. Further, in [27] , a dual wideband printed monopole antenna has been designed to cover WLAN and WiMAX frequency bands. In [28] , the rectangular patch is the main radiating element of the triple-band antenna combined with split-ring slot enclosed inside of it for WLAN / WiMAX applications is presented. However, the aforementioned techniques supporting triple/multi-band operations still suffer from large overall size or a complicated structure [29, 30] . In [31] , a square-slot antenna with symmetrical L-strips is presented for WLAN and WiMAX applications, but the three resonant frequencies cannot be tuned independently.
In this paper, a simple miniaturized triple wideband patch antenna with a defected ground structure for WLAN and WiMAX applications is proposed, which is fed by a coplanar waveguide (CPW). The antenna is created by three Stubs and three resonant frequencies can be obtained and tuned individually. Simulated results show that the three operation bandwidths of the proposed antenna are 635 MHz, 1460 MHz and 2465 MHz, respectively, which satisfy the required bandwidth of the 2.4 / 5.2 / 5.8 GHz (WLAN) and 2.5 / 3.5 / 5.5 GHz (WiMAX) with an S 11 less than -10 dB. Details of the antenna design and the effects of the key structure parameters on the antenna performances are neatly examined and discussed.
II. ANTENNA DESIGN
The geometry of the proposed triple-band antenna is illustrated in Fig. 1 . The antenna substrate is a Rogers 4350 (thickness H = 0.508 mm, relative permittivity ε r = 3.66 and dielectric loss tangent of 0.004). The dimension of the substrate is 20×37 mm 2 .
In the geometry, the resonant path length
and L 33 (L 1 + G + Ls 3 ) of the three Stubs are set close to quarter-wavelength at their fundamental resonant frequencies and can be calculated from the following equations [32] :
The effective permittivity is given approximately by [33] : 
where
Where c is the speed of light, W ƒ is the conductor width, ε r is the relative permittivity, H is the substrate thickness, ε eff is the effective permittivity; ƒ 1 , ƒ 2 Table I . 
The simulated reflection coefficient is presented for the optimized set of antenna parameters in Fig. 2 .
From the simulated result, it is apparent that a single antenna having three multiple resonant frequencies with a wide bandwidth is obtained. The simulated impedance bandwidths for S 11  −10 dB are about 635
MHz for the first band Table II shows the values of resonant frequencies and bandwidths at 10 dB of the three resonant modes. For the first resonant mode, the resonant frequency is about 2.47 GHz (S 11 = 13.25 dB), the second resonant frequency for the second mode is about 3.20 GHz (S 11 = 41.85 dB), and the third resonant frequency is about 4.92 GHz (S 11 = 48.11 dB).
It is worth mentioning that the configuration of the ground plane also affects the characteristics of the antenna. In this design, the two symmetrical ground planes are defected for ameliorating the impedance performance and broadening the bandwidth especially for the second and the third operating bands. In fact, ground plane has been useful to design multiband handset antennas [34] [35] [36] . III. PARAMETRIC STUDY
A. The Ls 1 Variation Effects
The effects of the length of the first stub (Stub1) on the antenna performance are plotted in Fig. 3 .
This figure shows the simulated reflection coefficients when the length of Ls 1 changes. By adjusting the length of Ls 1 , the total length of Stub1 varies. It is seen that the increase in Ls 1 decreases the resonant frequency of the first band and vice versa, while other resonant frequency bands are slightly affected. 
B. The Ls 2 Variation Effects

C. The Ls 3 Variation Effects
Varying the length Ls 3 of Stub3 to be 8.5, 9.5, 10.5 and 11.5 mm, it can be seen from 
D. The Effects of the Defected Ground Structure (DGS) on the Antenna Performance
To demonstrate the effect of the square and rectangular truncation on the ground plane, Fig. 6(a) and Fig. 6(b) show the different evolution of the geometry of the two ground planes with and without truncation and its corresponding simulated reflection coefficients. We remark from Table V 
E. The Gap Variation Effects on the Impedance Matching Performance of the Antenna
An important feature of the proposed antenna is the capability of impedance matching at three operating frequencies using a single CPW feed line. For this, the coupling effect between the feed line and the two ground planes is investigated. Fig. 7 shows the simulated reflection coefficient for the proposed antenna with different gap width (g) of 0.1, 0.2, 0.3 and 0.35 mm. As seen in figures 7 and 8, the gap width has a significant effect on the impedance matching performance of the proposed antenna for the three resonant frequencies.
The matching condition of the three bands is sensitive to the variation of g. The impedance 
F.
The L 1 Variation Effects As shown in Fig. 9 , L 1 (the gap between the radiating patch and the two ground planes) could disturb the performance of the second and the third band antenna but the first band is not affected. It is evident that the reflection coefficient of the proposed antenna with L 1 = 3.8 mm is better than that 
